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Abstract:  This paper reports an experimental study conducted to asses durability characteristics of 
concretes made using different types of recycled aggregates. Different types of recycled coarse 
aggregates comprising natural dolomite (DOL), crushed concrete (RCA), recycled rubble (RUBL) and 
brick (BRIC) were studied using concrete mixtures of water-cement ratios (w/c) = 0.60 and 0.45 containing 
100% of the recycled stone. The same type of crushed natural sand was used in all the mixtures. In 
addition to compressive strength and workability, water sorptivity and oxygen permeability (K) properties 
of the concretes were measured. It is found that the recycled aggregates showed higher porosity than the 
control crusher dolomite aggregate. Oxygen permeability results of the recycled aggregate concretes were 
of the same order of magnitude, giving about K = 2.0 x 10
-10
 m/s. Recycled brick aggregates produced 
concretes of consistently higher permeability and water sorptivity than the others. The oxygen permeability 
values for the various recycled aggregate concretes increased in the order kDOL < KRCA < KRUBL < KBRIC. 
Permeability of brick aggregate concrete was four times higher than that of control dolomite concrete. The 
relatively adverse influence of recycled brick on concrete properties is attributed to its highly porous 
characteristics. 
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1. Introduction 
Worldwide, the trend to recycle and reuse waste by-products has become an important consideration in 
daily life. This practice is driven by consideration of: (1) Sustainability of resources, (2) Environmental 
impact of mining, (3) Climate impacts of manufacture and processing, (3) Ecological implications. 
Aggregates are the largest ingredient used in concrete, so its consumption highly impacts the construction 
industry. While aggregates are considered to be generally abundant in most parts of the world including 
Africa, not all these aggregates may be suitable for use in concretes. Besides, aggregates are a finite 
natural resource. The quarrying of aggregates from natural deposits is energy intensive coupled with 
environmental pollution, leading to release of greenhouse emissions arising from extraction, processing, 
and transportation of this material to construction sites. In developing countries, there is increasingly 
growing demand for infrastructure which is needed for economic activity. This pressure is amplified by 
population growth and urbanization. Major construction of physical infrastructures including roads, 
bridges, dams, housing, amongst others can be expected to grow further. It has become imperative to 
undertake sustainability principles in consumption of concrete and aggregates, in particular.  
Considering the foregoing, there has been high interest on recycled aggregates, as indicated by the large 
number of recent articles and papers published on this subject (1,2). Recycled aggregates are typically 
recovered from demolition rubble and related construction wastes. While many countries (3) are already 
majorly recycling and re-using demolition rubble, not much of the practice is presently found in most 
developing countries including South Africa. Recycled aggregates usually contain various contaminants 
which have to be separated out to recover quality recycled aggregate (4). Accordingly, recycled 
aggregates generally exert degraded performance upon the properties of concrete. The quality of recycled 
aggregate is highly influenced by the parent rock, its previous industrial use and the waste environment 
from which it was recovered. Therefore aggregate quality is partly dependent on local or site specific 
characteristics, which demands processing and testing. Researches have shown that use of recycled 
aggregates leads to reduction in mechanical properties, increase in deformation characteristics, higher 
water absorption and permeability characteristics (1,5,6). However, little research has been done on 
recycling of locally available aggregates in South Africa. The present study was intended to contribute 
towards better understanding of the characteristics of local recycled aggregates. The present investigation 
focused on durability characteristics specifically porosity, water absorption and permeability characteristics 
of recycled aggregates. 
    
2. Materials and methods 
 
2.1 Mixtures 
 
The materials and mixtures used in the present study are already described in an earlier article (6) but 
scantly repeated here for reading convenience and interpretation of results. CEM I 42.5 N Portland 
cement supplied by Pretoria Portland Cement (pty) Ltd (PPC) was used in all mixtures. The control 
aggregate used was dolomite stone also supplied by PPC. Three different types of recycled aggregates, 
comprising crushed stone (RCA), Rubble (RUBL) and Brick stone (BRIC) were used in the study. The 
RUBL stone was supplied by Stone & Stone (pty) Ltd in 19 mm size. RCA and BRIC were crushed in the 
laboratory and sieved to obtained 19 mm sizes. No special treatments such as soaking or other surface 
treatments were applied on the aggregates. Gradings of the recycled stone aggregates is given in (6). The 
same crusher sand was used with the different types of recycled stone aggregates to prepare concrete 
mixtures of water/cement ratios (w/c) of 0.6 and 0.45, giving a total of eight mixtures. For each mixture, 
nine 100 mm cubes were prepared of which some cubes were used for durability tests consisting of water 
sorptivity and oxygen permeability. All the mixtures were made using 100% recycle stone aggregates and 
normal crusher sand. The water content of mixtures were corrected to allow for water absorption of the 
aggregates. No chemical admixtures were used in the mixtures. The samples were cast and cured in 
water at normal room temperature for 28 days, then tested. 
  
 
2.2 Durability tests  
 
The experiments conducted consisted of two tests i.e. sorptivity and oxygen permeability. In preparing 
samples for the tests, disc samples of 68 mm dia x 30 mm thickness are cored from 100 mm cubes. The 
samples are oven-dried at 50
o
C for at least 7 days, after which the curved surfaces of samples are sealed 
with epoxy resinor waterproof tape. Samples are removed from the oven and cooled to room temperature. 
During testing, then the test face of sample is placed upon lime-saturated water in a tray set up as shown 
in Figure 1. Samples are weighed at time intervals of 3, 5, 7, 9, 12, 15, 20, 25 mins. The samples are then 
placed in vacuum dessicator and suction applied at -75 kPa for 3 hours. Water is introduced into the 
dessicator then vacuum suction is further applied for 5 hours. Afterwards, vacuum is released then 
samples are left to soak in water for 18 hours. The saturated samples are then weighed and used to 
calculate porosity (n) and sorptivity (S) using Equations (1) and (2),  (7,8). 
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Where Mso - oven dried mass of disc sample, Msv - saturated mass of disc sample, A - cross sectional 
area, d - sample thickness,  - water density 
 
 A plot of mass increase against square root of time gives a straight line. The slope of this line is sorptivity, 
which is calculated from the Equation (2): 
 
sosv MM
F.d
S

  ……………………………………………………. (2) 
Where F – slope of graph 
 
 
A falling head gas permeameter was used to conduct the oxygen permeability test. The apparatus 
consists of a 5-litre cylindrical pressure chamber. A sample is fitted into a compressible collar contained in 
a rigid wooden or steel sleeve. The sample assembly is placed at the sample cell on top of the 
permeameter then covered with a top steel plate and tightened to ensure an airtight seal. Oxygen gas 
pressure of 100 kPa is introduced into the permeameter and then gas supply valve is closed. Pressure 
decay through the concrete sample is monitored at 15 min intervals as pressure drops. At least eight 
readings are recorded typically over 6 hours. The coefficient of permeability is calculated using Equation 
(3) given as follows (7,8): 
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Where K - coefficient of permeability (m/s), W - molecular mass of oxygen (32 g/mol), V = volume of 
oxygen under pressure in permeameter (m
3
), g - acceleration due to gravity (9.81 m/s
2
), R - universal gas 
constant (8.313 Nm/Kmol), A - superficial cross - sectional area of sample (m
3
), d - average sample 
thickness (m),   - absolute temperature (K), t - time (s) for pressure to decrease from Po to P, Po - 
pressure at the beginning of test (KPa), P - pressure at the end of test. 
 
 
Figure 1. Set up of water sorptivity test (7,8) 
 
 
 
 
 
 
Figure 2. Oxygen gas permeameter (7,8) 
 
 
 
 
 
 
3. Results and discussion 
 
As indicated in the foregone, results on fresh concrete and mechanical properties are presented in an 
earlier article (6). The 0.60 w/c concretes had compressive strengths of 19.6 to 31.7 MPa while 
compressive strength of 0.45 w/c were between 36.1 to 50 MPa, the highest strengths being for the 
control DOL concretes and the lowest strengths were given by the BRIC concretes. Major reductions in 
compressive strengths were observed with RUBL and BRIC exhibiting 21.8% and 35% decrease. Similar 
trends were observed for split tensile strength, Modulus of Elasticity, abrasion resistance. The effect of 
recycled aggregates leading to observed reduction in workability is related to the relatively high water 
demand of the recycled aggregates. The high angularity and rough texture of brick aggregate was also 
found to contribute significantly, giving the lowest slump but highest split tensile strength due to 
mechanical interlocking of the aggregate particles. 
  
 
3.1 Porosity results  
 
Figure 1 gives results pertaining to the effects of various recycled aggregate types on porosity. The 
influence of w/c ratio is quite evident with the 0.6 w/c giving higher porosity values compared to the 
corresponding 0.45 w/c mixtures. DOL, RCA, and RUBL concretes had porosity values of 13.5%, 18.7% 
and 17.4% at 0.6 w/c which are higher than the respective values of 12.4%, 16.2%, 16.7% at 0.45 w/c. 
Interestingly, the BRIC aggregate not only showed the highest porosity of 21.3% but its porosity was the 
same for both mixtures of 0.60 w/c and 0.45 w/c. Typically, the higher porosity of recycled aggregate is 
explained by the presence of adhered mortar at particle surfaces. In the present study, this explanation 
applies only to RCA and perhaps RUBL aggregates, which had been prepared from previously used or old 
concretes. In the case of BRIC, the aggregate was crushed from unused bricks which were free of mortar, 
accordingly there was no adhered mortar present. The observed high porosity of BRIC concrete may be 
attributed to contribution of the highly porous brick stone particles to the overall porosity of concrete. Since 
w/c showed insignificant influence, it implies that porosity of the BRIC aggregate had dominant and 
overriding effect over porosity of the mortar matrix.   
  
 
 
Figure 3. Porosity of the various concretes made from recycled aggregates 
 
 
 
3.2 Water sorptivity 
 
The water absorption of concretes made using the various recycled aggregates were tested according to 
the procedure described in the foregone. As indicated in the procedure, lime-saturated water was used to 
conduct the test in order to minimise the influence of cement hydration reaction during course of the test. 
Figure 4 gives graphs of the water sorptivity measurements, showing plots of mass change (increase) 
versus the square root of time. As expected, miixtures of 0.6 w/c gained higher mass as more water was 
absorbed due to its higher porosity (Figure 3) relative to the corresponding 0.45 w/c mixtures. The 
recycled BRIC concrete showed greater mass gain than concretes of all the other recycled aggregate 
types. These observations are consistent with porosity results discussed in Section 3.1. However, the 
behaviour of BRIC aggregate is markedly distinguished from the others. It is seen in Figure 4 that w/c had 
significant effect on water absorption for concretes of DOL, RCA and RUBL aggregates but not for the 
BRIC concretes. In Figure 4(b), the mass gains of DOL-, RCA-, RUBL-concretes become closer at lower 
w/c of 0.45 but much different at the higher 0.60 w/c. The sorptivity of the various recycled concretes, 
which allows for differences in sample sizes is shown in Figure 5. Clearly, the trends in sorptivity results 
for 0.60 w/c and 0.45 w/c are similar. As already mentioned, the sorptivity of BRIC concrete was 
consistently higher than that of other recycled aggregates, presumably due to the porous brick stone 
which accordingly influences the permeation characteristics of its concrete, unlike in less porous 
aggregates where mortar matrix has a relatively more significant influence than aggregates. The higher 
sorptivity values of the DOL concretes relative other results of the other recycled aggregates 
  
 
3.3 Oxygen permeability 
 
Permeability is quite an important parameter which represents the transport properties of a concrete 
mixture. It is indicative of the response of concrete to ingress of aggressive agents such as moisture, 
carbon-dioxide, chloride, sulphate etc. In the present investigation, gas permeability testing was 
conducted as described in Section 2.0. Figure 6 gives results showing influence of the different recycled 
aggregates on permeability of the concretes. As expected, recycled aggregate concretes of 0.60 w/c give 
higher permeability coefficients compared to the corresponding results for 0.45 w/c concretes. All recycled 
concretes were within the same order of magnitude being 1 to 2x10
-10
 m/s, except BRIC concrete whose 
coefficients where up to four times higher than those of the control dolomite. Again at higher w/c of 0.6, 
the permeability coefficients of aggregate types DOL, RCA, RUBL were similar, but differences are 
noticeable at lower w/c = 0.45, indicating increase of permeability values in the order KDOL < KRCA <KRUBL < 
KBRIC. 
   
 
 
 
 
 
  
 
Figure 4. Porosity of recycled aggregate concretes 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Sorptivity recycled aggregate concretes  
 
 
 
 
Figure 6. Oxygen permeability of recycled aggregate concretes  
 
 
4. Conclusions 
 
In the forgone investigation, recycled aggregates derived from crushed old concrete, demolition 
rubble and bricks were investigated to determine their influence on durability properties of 
concrete. Accordingly, tests were conducted on porosity, water sorptivity and oxygen 
permeability properties of the recycled aggregate concretes. As expected, the water/cement 
ratio of mixtures has significant influence on these transport properties, which tend to improve 
with decrease in water/cement ratio. Porosity of the control dolomite concrete ranged between 
12 - 13% compared to 16 – 20% for recycled aggregate concretes. Brick aggregate concrete 
gave the highest porosity, water sorptivity and oxygen permeability measurements. The 
coefficient of oxygen permeability was between 1 to 2 x10-10 m/s for all the recycled aggregate 
concretes except brick aggregate concrete which gave about four times higher permeability than 
control. It can be concluded that use of recycled aggregates increase porosity and permeability 
of concrete by values dependent on the mix design. For mixes of 0.45 water/cement, 
permeability increased by 53.6%, 96.4% and 311% for crushed concrete, demolition rubble and 
recycled brick aggregate concrete. The relatively more adverse results observed for recycled 
brick aggregate are attributed to its high porosity relative to that of mortar matrix. 
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